A. Linke, K. C. Reichmann, T. L. Koch, U. Koren (AT&T Bell Laboratories): "Full-duplex optical transmission using self-heterodyne laser transceivers", IEEE Photon. Technol. Lett., vol.1, pp. 278-280, 1989 . In another example, each of the two terminals consists of one single Semiconductor optical amplifier, one of which is directly modulated by the data, whereas the other is driven by a 320 MHZ electrical Subcarrier modulated with 50 Mb/s data, see e.g. P. A.
Andrekson, N. A. Olsson (AT&T Bell Labooratories):
"Optical full-duplex transmission with diode laser amplifiers", J. Lightwave Technol., vol. 9, pp. 737-740, 1991 . In such a configuration crosstalk will be to some extent avoided between the two channels. While the maxi mum usable bit rate in both these schemes is inherently limited by the time constant associated with the carrier dynamics of forward biased laser Structures, the latter is also limited by dispersion occuring in the transmission fibre due to the use of broadband light Sources. Residual crosstalk may also be a limiting factor in these two techniques. Another example of an optical communication System, although not bi-directional in its nature, that relies on the use of an electrical Subcarrier, may demonstrate Simultaneous transmission and detection of 10 Mb/s and optical amplifi cation of 622Mb/s data in a Semiconductor optical amplifier, see e.g. K. T. Koai, R. Olshansky (GTE Laboratories Inc.):
"Simultaneous optical amplification, detection and transmis Sion using in-line Semiconductor laser amplifiers, IEEE Photon. Technol. Lett., vol. 4, pp. 441-443, 1992 . Also in this case the bit rates of transmitted and detected Signals are limited by the carrier dynamics of the laser amplifier. At the expense of more complicated photonic devices, that is, using a single-mode laser transmitter in conjunction with a Separate, high Speed photodetector, the limitations relating to dispersion, Speed and to an extent crosstalk, can be Although Such devices present advantages compared to alternative Solutions, they may introduce too high crosstalk because of non-negligible optical and/or electrical leakage between the two contra-directional channels. Terminals can be implemented using hybrid or monolithic integration methods. Various material Systems are of interest for their realisation, e.g., InCaAsP/lnP and SiO2/Si.
SUMMARY OF THE INVENTION
In order to reduce the aforesaid crosstalk, a method and device will be Suggested, wherein transmission in the two directions utilises two different optical wavelengths as well as two different electrical carrier frequencies. Transmission in one of the directions may utilise baseband transmission, i.e. a Zero frequency electrical carrier. Applications of inter est include optically based Subscriber access Systems and Systems for optical interconnections in various information processing Systems, Such as computers. It is of interest that the equipment for Such Systems can be produced using relatively simple processes to allow for low cost. In certain applications it is also desirable that these full-duplex optical links can be operated at high bit rates. In FIG. 3 , an example of a more detailed, but still very Schematic, implementation of an electrical circuitry accord ing to the invention is shown at the two terminals of the link. Each of the terminals are "longitudinally integrated". That is to Say that in each terminal the respective Sections, i.e., monitor-photodetector Section, laser Section, and receiver photodetector Section, operate on the same longitudinal plane with respect to the propagating light waves. Bidirec tional wave propagation is possible due in part to the optical branching configuration of each terminal, which provides the necessary wavelength-Selective Structure in each termi nal. As illustrated in the left terminal of FIG. 3, 1550 nm. monitor-photodetector section 1 and 1550 nm laser section 2 make up optical branch A, while 1300 nm receiver photodetector Section 3 makes up optical branch B. Similarly, in the right terminal, 1550 nm receiver photodetector Section 6 makes up optical branch A, while 1300 nm laser section 4 and 1300 nm monitor-photodetector Section 5 make up optical branch B.
In operation, at the left terminal, the 1550 nm laser section 2 is directly modulated by the bit stream data 1, which is to be transferred to the terminal to the right. The output of the laser is monitored through direct detection of the bit Stream in the 1550 nm monitor-photodetector section 1, followed by electrical filtering in a low-pass filter (LPF) 7 to suppress croSStalk due to the other channel. After transmission through the optical fibre 17, the bit stream data 1 at 1550 nm wavelength propagates through the 1300 nm laser Section 4 and through the 1300 nm monitor-photodetector section 5, both of which are essentially transparent to the 1550 nm Signal bit Stream, and is Subsequently directly detected by the 1550 nm receiver-photodetector section 6 in the terminal to the right, and low-pass filtered to Suppress crosstalk due to the other channel. At the terminal to the right, the information data 2 is impressed on an electrical carrier, which is indicated by the box "electrical modulation' 10. The resulting signal drives the 1300 nm laser section 4.
The output of the laser is monitored by way of demodulation, which is indicated by the box "electrical demodulation' 11, of the signal detected in the 1300 nm monitor-photodetector Section 5, preceded by filtering in a band-pass filter (BPF) 12 to suppress crosstalk due to the other channel. After transmission through the optical fibre 17, the bit Stream data 2 is obtained through a corresponding bandpass filtering 8 and demodulation 9 of the signal, which is detected by the 1300 nm receiver-photodetector section 3 in the terminal to the left. Suitable, conventional techniques can be used to perform the electrical modulation and demodulation, of which details are not shown. It should be underlined that no details concerning required Synchroniza tion or decision circuits have been described here.
Since the up-stream and the down-Stream Signals are now Separated in the electrical domain, a potentially Substantial reduction of crosstalk should be obtainable, without the need for better and probably more complex integration Solutions.
At the two terminals, the two contra-directional channels are actually Separated in the Spatial domain and the optical wavelength domain as well as in the electrical frequency domain, which is attractive from the crosstalk point of view. Because bit rates of the order of 100 Mb/s or more precisely 155 Mb/s, the bit rate of STM-1 of the SDH, are expected to be sufficient for Subscriber use, the electrical carrier required should not need to be exceedingly high. An elec trical carrier of the order of 1 GHz might be sufficient for Significant reduction of crosstalk in this case. Introduction of a 1 GHz electrical carrier frequency is expected to influence the cost of the System, wherein this issue should, of course, be investigated in detail. Notice that Systems operating at higher Speeds, in the Gb/s range, should be possible, because photodetectors with bandwidths of the order of tenths of GHZ can be implemented. The present configuration there fore offers a full duplex optical communication link using relatively simple photonic devices, with reduced crosstalk between the two contra-directional channels and potential for comparatively high transmission capacity.
What is claimed is: 1. A method for crosstalk reduction in a bidirectional optical communication link between two terminals, com prising the Step of Simultaneously transmitting data in two directions over the communication link utilizing two different optical wavelengths as well as two different electrical-carrier frequencies, wherein a laser Section comprising a laser Source, a monitor photodetector Section comprising a monitor photodetector, and a receiver photodetector Section comprising a receiver photodetector are integrated in each of the two terminals to optically transmit, monitor, and receive data in a first and Second direction over Said communication link utilizing the two different optical wavelengths and the two different electrical-carrier frequencies, at least one of the optical wavelengths propagating through at least one of the monitor pho todetector sections to be received by the receiver photodetector, the monitor photodetector Section being essentially transparent to the at least one optical wave length. first means for optically transmitting data in a first direc tion over Said link utilizing a first optical wavelength and a first electrical carrier frequency; and Second means for optically transmitting data in a Second direction over Said link utilizing a Second optical wave length and a Second electrical carrier frequency, wherein the first and Second means are integrated in each of the two terminals, each terminal comprising a laser Section comprising a laser Source, a monitor photode tector Section comprising a monitor photodetector, and a receiver photodetector Section comprising a receiver photodetector, at least one of the optical wavelengths propagating through at least one of the monitor pho todetector sections to be received by the receiver photodetector, the monitor photodetector Section being essentially transparent to the at least one optical wave length. 5. The device of claim 4, wherein the means are provided in two terminals, which are each hybrid integrated.
6. The device of claim 5, wherein the means are provided in photonic circuitries, wherein the photonic circuitry of each of the two terminals is monolithically integrated.
7. The device of claim 5, wherein the means are provided in photonic circuitries, wherein the photonic circuitry of each of the two terminals is hybrid integrated. 10. The device of claim 4, wherein the laser Source, the monitor photodetector and the receiver photodetector are longitudinally integrated.
11. The device of claim 4, wherein the laser Source and the monitor photodetector are longitudinally integrated in one optical branch, whereas the receiver photodetector is inte grated in another optical branch.
12. The device of claim 11, wherein the two branches are Separated by means of a wavelength-Selective structure.
13. The device of claim 4, wherein each of the two terminals is implemented using a InGaAsP/lnP material System. 14. The device of claim 4, wherein the photonic circuitry of each of the two terminals is implemented using waveguides and guided-wave devices.
15. The device of claim 4, wherein the optical wave lengths used for transmission in the two directions are around 1.3 um and 1.5 tim, respectively.
16. The device of claim 4, wherein means for optically transmitting data in a first direction and the means for optically transmitting data in a Second direction directly modulate respective optical signals.
